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i_ WIND-TUNNEL INVESTIGATION OF BASIC AERODYNAMIC

, CHARACTERISTICS OF A SUPERCRITICAL-WING

_'i " RESEARCH AIRPLANE CONFIGURATION*
b

_!' " By Dennis W. Bartlett and Richard J. Re

_ Langiey Research Center ,
b

SUMMARY _"

i
, An investigationhas been conductedin theLangley8-foottransonicpressuretunnel ,

and theLangley 16-foottransonictunneltodeterminetheaerodynamiccharacteristicsof "

a 0.087-scale model of a supercritical-wing research airplane at Mach numbers from 0.25

to 1.30. _.tneinvestigationincludedteststo determinethebasiclongitud_nalaerodynamic I i.

characteristics,thelateral-directionalaerodynamiccharacteristicsforsideslip:ingles !| _

of 0° and ±2.5 o, and the effects of Reynolds number and aeroelasticity, it iThe results of this investigation indicated a drag-divergence Mach number of about i_'
0.97 to 0.98 for the com.plete cozffiguration; however, oil-flow photographs ot the wing and _ •

wing pressure data indicated that the wing is still performing well at a Mach _umber of i

0.99. The resultsalsoindicatedimproven,entsinthepitching-momentcharacteristicsas i.

the Reynolds number was increased for a Mach number of 0.25. The in]proved pitching- ,,i

_., moment characteristics (improved in that pitch-up is also delayed to a higher lift coeffi-

• cient) indicated at the higher subsonic Mach numbers (M = 0.50 to 1.00) for the higher

dynamic pressures may be due primarily to increased aeroelasticity effects which tend

,_ to add "wash-out" at tim wir.g tips as both the dynamic pressure and Reynolds number are
" increased.

Although pitch-up occurred at each Mach number tested, it was well beyond level- i

flight lift coefficients, and the pitching-moment curves became stable again at the higher _, , ,
angles of attack. The static nmrg2n increased with Maeh number to about Mach 1.00, but

an attendant increase in the pitching-moment coefficient at zero lift results in a powerful

compensating effect so that little change in trim angle of attack occurs with increasing I :

Mach number. The lift-curve slope also increased with Mach number up to Mach 1.00 !

and then decreased at supersonic speeds. Both directional stability and positive effective t ",

dihedral are indicated for the model at sideslip angles of 0° and +2.5 ° for Mach numbers

" _ : of 0.25, 0.95, and 0.99 and over an angle-of-attack range that varied from approximately " 4[
-2 ° to 14°,

11 i
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." i:] 1[ INTRODUCTION i '-A unique airfoil, known as the NASA supercritical airfoil, has been under devel-i

', = opment over a period of years. This new airfoil is designed to delay shock-induced .. !

boundary-layer separation to Mach numbers and hft coefficients notably higher than those _
• of conventional sections. These gains are achieved by limiting the upper surface shock

: - " strength through proper shaping of the airfoil section and, therefore, the pressure distri- ' .'

bution. Wind-tunnel investigations of an early version of the supercritical airfoil which

'-. incorporated a slot located near the trailing edge indicated significant gains in perfor- _ :
:_ t mance. (See refs. 1 and ?.) Consideration of its application to aircraft and the structural ) .

problems associated with the slot, particularly the maintenance of close tolerances within

_!• the slot gap, led +.othe development of the integral (unslotted)supercritical airfoil. (See i

refs. 3 and 4.) The integral section in wind-tunnel investigations has also demonstrated i
• the potential for obtaining significant increases in drag-divergence Mach number and in _

achieving high buffet-free maneuver load factors for configurations employing this new i

concept. I
I _

As "vith any new development, uncertainties exist in the areas of application of !.
model results to the full-scale case and in the full-scale flying and handling qualities, ib.

• i. 'rherefore_ several full-scale "proof-of-concept" flight research programs t._ave been

i initiated. One of these programs, which is being jointly conducted by the Flight and

Langley Research Centers of the NASA, employs a U.S. Navy fighter aircraft (TF-8A) as

a test-bed vehicle for a sweptback supercritical wing designed Ior possible future appli- t

catSon to an advanced transport aircraft having a cruise Mach number very close to 1.0. 1

The purpose of this paper is to present results from wind-tunnel investigations of a • t

near-final version of the TF-SA supercriticai-wing research airplane at Mach numbers I '

from 0.25 to 1.30, angles of attack from about -8 ° to 24°, and at Reynolds numbers varying t )
from approximately 15.91 x 106 per meter (4.85 x 106 per foot) at a Mach number of 1.00 i

to a maximum of 19.95 x 106 per meter (6.08 × 106 per foot) at a Mach number of 0.80. i"

Included are results showing the basic longitudinal aerodynamic characteristics, • ;

:,' the lateral-directional aerodynamic characteristics for sideslip angles of 0° and +2.5 o, ' i'

';'I" and Reynolds number effects. Also included for illustrative purposes are wing

streamwise-chord pressure distributions at _everal semispan stations and the corre- !
sponding semi_pan-load distribution for a Mach number of 0.99 and lift coefficient of

0.443. Complete pressure data for the present investigation are contained in reference 3.

1 *
I
J
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:_;:'{" SYMBOLS

,%

L._: °
:6".: The results presented herein are referred to the stability-taxis system for the lon-

;_. " gltudinal characteristics aad the body-axis system for the lateral and directional char-'I
;' acteristics. All coeffi,' ents are based on the geometry of _'" basic wing panel which

:'[ does not include the leading-edge glove or tile trailing-edge extension. (See fig. l(a).) "

_ " Moments are referenced, for consistency, to the quarter-chord point of tile mean gee-! •

! metric chord of the basic wing panel. This point is located at model station 0.995 meter •

:t (39.155 inches) as shown in figure l(a). Coefficients .tnd symbols used herein are defined
!

as follows:

• _

•t /_e individual duct exit area

Ai total model inlet area

b wing span, 114.30 c,r_ (45.000 inches)
J

CD drag coefficient, Drag where drag is total measured drag minus base dragqS ' "

Internal drag

CD, i internal-drag coefficient, qS i

C L lift coefficient, Lif..._._',• qS

_C L

CLa lift-curve slope pe_" degree,

C l rolling-moment coefficient, Rolling moment iqSb

q

rate of change of rolling-moment coefficient with sideslip (effective-dihedral

Cl_ _C l

parameter) per degree, A"_ ,:

C m pitching-moment coefficient, Pitclfing moment

" OF I'Ok)KQUALIFY,

Cm, 0 pitching-moment coefficientat zero lift

8Cm

CmcL" longitudinalstabilityderivative,,-¢"r""_""_'"7'''_C'--'L" 3 I
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,t

,fl i_' Cn yawing-moment coefficient, Yawing moment" qSb

. _ Cn _ rate of change ol yawing-moment coefficient with sideslip {dh'ccllonal-
'_ t stability parameter) per degree, ACn

" t Pl - P-" i
[. Cp pressure coeffitqent, q ., where Pl is local static pressure aud p,. _i

i8 free-strt, am .,,tatic pressure ,

i ! C_x, side-force coefficient, bide force f
! , I

l Cy_ rate tff oh;rage of side-force coefficient with sideslip per degree, t

' , [

[ c streamwise chord of basic wing palle! ] :_

_" !lle_ill geollle[rie C|lord of basic _llg panel, 18.087 cm (7.121 inche,O, defined

2 ',I.0. c2d
-:._; as _ 0 [

I

t" stre_tnlwise chord of total wiag plalll'ornl which int'hldt, s lt';iding-edge glove f
t

- alld trldlhlg-t, dge extensioll [
I

eav average chord of basic Willg panel, 8 b, 16.8"_ Clll (6.64 hwhes) [

._: _t. e. tp,u_d(x,, oil wing-sectioll llt)rlllHl-_orco t'oe_[it'lelll, _C[),l - "_ • 't'), w|lt, re C[_.l

is lower ,,4tll'ftlt'e pl'eSsul't, coefficient tilld Cp,tl is uppt, r ,qtll'f_lce [ll'CSSUl't,

,:, coefficient

•4 " ' l *

i . ; M Mac|! llUlllber Of ulldisturbed strelllll : _.

:%

.i total pressure Of uildisturbt, d stream

.: ,, q dynamic pressure of undisturbed stream _

. " R Rev,aolds uumber

" [ fl +,'t ,t , ,_*, _ '
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t , i t ,

r
R/It Reynolds number per foot

t ! R/m Reynolds number per meter

S _ng area (basic panels) including fuselage intercept, 0.193 m2 (2.075 sq ft) ,

" I " Ve velocity, of flow in duct at the duct e_t

I V_ velocity of undisturbed stre,_ m

1
i w mass flow in duct, PeVeAe

w/wee mass-flow ratio of individual duct referenced to half the inlet area,

PeVeAe t

p V_Ai/2

w/w"_duct 1 + (W/W_'_duct

(w/WJa v average mass-flow ratio of the ducts, 2

x distaace measured from leading edge of local streamwise chord of basic wiag

,, panel, positive toward wing trailing edge

•x' streamwisewing ordinatemeasured fl'omleadingedge oftotal_treamwise

chord of wing, c', positive toward wing trailing edge

• y distance measured spanwise from plane of symmetry, zero :it fuselage center
liae

I z' vertical wing ordinate measured from model waterline 26.205 cm

(10.371 inches)

. c_ angle of attack, referred to fuselage reference line, deg

; _¢ _mgle of sideslip, referred to fuselage center line (positive when uose is left),

• deg

5 vertical wing deflection under load

: i _ fl r..... -i--_- 5

"T -I i-]-,,,l-; I- 1_:l '._ ='_--.--, " "
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• ! 5h horizontal-tail deflection angle, referred to fuselage reference line (positive

"" _ i ;: when trailing edge is down), dog/

Pe mass density of flow in duct at duet exit

¢.

p_ mass density ol undisturbed stream r

-, _ e 1

_'""':J t' &lbscript: i

' ' i t tip

"_ i I "
, L Abbreviations:

1 _,' L, I

} t l,e, leading edge 1
$

i _! t.e. trailing edge i, ' -i

!,
MODEL DESCFdPTION 1 .

t

Basic Model
l

: Drawings of the 0.087-scale (1/11,5) model are presented in figure l(a) and several

,. model photographs are shown in fit_tre 2. The wing semispan phmform layout is shown :

in figure l(b),

The model wing was mounted at a root incidence angle of 1.5 O relative m the fuse-

• lage reference line and had a basic-panel (see fig. l(a)) aspect ratio of 6.8, a basie-pa.,,q ;
taper ratio of 0.36, and 42.24 ° sweepback at the basic-pancq quarter-chord line. Tile area

of tile basle wing panels including the fuselage h:tcrcept is 0.i93 m2 (2.0'15 sq It). and the

basic-wing-panel mean geometric chord is 18.087 cm (7.121 inches) in length. Tile model ', \

:.... ' Wing also incorporates approxinmtely 5° of twist between the root and tip chords (washout).

) The defieetion of the model wing diem; the struclural span due to aerodynamic load at a
Maeh lmmber of 0.99 and a lift eoeffleieut of 0,429 is preseuted in figxwe 3,

: trailing-edge extensioa, (See fig, l(a).) The present supereritical-wing ,nodel ;l',,o

empk)ys an aft-fuselage a,'ea-ruie fairing which is located on top of tile fuselage and ,

extel_ds from approximately the wing trailing edge to tile middh, t)f the ve,'tieal tail as

shown in tile photographs of figure 2. This fuselage addition provides a Iai,'ing over tile

existing wing-hinge fittings and was designed to improve the cross-sectional are:i plogres-

sion of the eombx,md fuselage-tail region el the basic ;urphme, Previous testa h:r the

1978016135-008
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" model without the aft-fuselage addition indicated an earlier drag divergence which was
!

found to be associated with the cross-sectional area development for this region of theL

- I model. -!

. The vertical and horizontal tails are scaled versions of those on the basic TF-8A

_' aircraft. In fact, other than the addition of the supercritical wing (including the leading-
edge glove and the trailing-edge extension) aud the aft-fuselage fairiug, the external con-

• tours of the basic TF-8A fuselage have not been altered. However, unlike the TF-8A air-

craft which has a single-engine duct, the model was constructed with two ducts which are

_ splittoward the rear of the fuselageto allow room for the model support sting. The

_ model has a total inlet capture area of 28.387 cm 2 (4.4 sq in.) and a combined duct exit I'
area of 31.935 cm 2 (4.95 sq in.). i! ,

i' iModel Configurations I

tl ! :A configuration schedule with associated test conditions is presented in table I, ,,

Data are presented in this report for configurations 136, 138, and 140; these designations )1

were used during the development tests and are retained here because of their signifi- I! ; _

cance to the very extensive wind-tumml research program conducted on the present ,,.

supercritical-wing aircraft. The wind-tunnel design program cuhninated with the three

configurations listed, and of these three, configuration 140 was used as the basis for

establishiug the wing and aft-fuselage fairing coordinates for the full-scale airplane.

However, the completed flight vehicle differs from configuration 140 in several ways, and

these differences are discussed iu a subsequent section.

, Configuration 138 included a modification to the model which provided additional

cross-sectional area in the viciuit.¢ of the canopy and the glove-fuselage :_ntersection.

Although this additional cross-sectional area improved the area distributiou of the model,

it would have restricted the pilot's visibility: therefore, this modification to the model was

removed, and the resulting configuration was designated 140. In determining configura-

tion 140, the extension of the wing glove onto the canopy was further reduced from the

original position as employed for configuration 136 wlffch had preceded coxffiguration 138

in the development program. The small part of the glove which extends onto the canopy

is referred to as the "cape" and is shown in the schematic of figure l(c). Tins diagram

of the glove-cape arrangement is representative of configuration 1,i0.

Although the exact contours for configurations 136 and 138 were not documented,

the ouly significant difference in basic-model contours between the three configurations

' is the w,,riation in glove cross-sectional area in the vicinity of the canopy which has been

: discessed. Although configuration 140 is closest to the flight vehicle, the results for con- "

figurations 136 and 138 were included since they contain the effects of variatiou in Reynolds

/

.1I nn--_--- ....... '7
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number and the higher angle-of-attack data which were obtained in this investigatmn for

these co_ffigurations only.
t- -

For configuration 140, the longitudinal development of cross-sectional area taken

, normal to the fuselage reference line is presented in figure 4. This area distribution

includes the total inlet capture area of 28.387 cm 2 (4.4 sq in,).]

i! DISSIMILARITY BETWEEN MODEL AND FULL-SCALE AIRPLANE .

•1 The full-scale supercritical wing was constructed from the coordinates presented

'1 in table ]El. Each set of coordinates has been nondimensionalized by the total streamwise
chord c' at each wing station. In order to compensate for the difference in the elastic

properties between the model and full-scale wings, jig offsets were utilized so that under

load, the full-scale wing would conform to the same twist distribution as the model wing

for the desit_m-load conditions (approximately M = 0.99 and C L = 0.40).-

Although the wing coordinates were originally taken from configuration 140, differ-

. ences developed between the model and full-sc,-de wings as a result of lofting and smooth-

ing procedures and because of unexpected changes reqtfired during the construction of the J

wing and its adaptation to the TF-SA fuselage. Although the differences between the

model and full-scale wing coordinates are felt to be small, other dissimilarities exist

between the present model configurations and the full-.scale ,airplane that would preclude :'
!m:

a direct correlation between the present wind-tunnel results ,'rod flight data, These dis-

similarities will be discussed in some detail in the following paragraphs. , -

The full-scale supercritical wing was lowered with respect to the fuselage by . I '

0.137 cm (0.054 inch) model scale. Whereas the reference water line for the wing eoor- _ . :

dinates on the present model configxwations is 26.343 cm (10.371 inches), the referent., _

water line for the full-scale wing would correspond to 26.205 cm (I0.317 inches} on the t I

0.087-scale model. As a result of lowering the wing, it was necessary to remove a small i I '
amount of area on the lower surface of the wing near the fuselage juncture. This modifi- _ !

cation is reflected in the full-scale wing coordinates el table II but was not included on the ' _ '

model wing for the present investigation since the wing was located in the higher position.
t"J h'

",_';." In the process of mating the rear-fuselage addition to the TF-8A aircraft, its length :

was reduced by 1.905 cm (0.75 inch) model scale and it was also slightly modified to '

cover completely the existLng wing-hinge fittings which are located near the juncture of

: the wing trailing edge and the fuselage.

In addition to the basic contour modifications which have been note_, several major '

items have been employed on the full-scale airplmm that were not incorporated on the

present model colffigurations. These include underwing leading-edge vortex generators

(developed in a more recent wind-tunnel investigation), &tleron-hinge fairings, and a nose- ,

ql[_- - " , i

[
J
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i

; 1

1 ! mounted _:_rspeed probe. Smalter protuberances such as camera fairings and lights whichii I ' exist on the flight vehicle were also not simulated on the present model configura_ons.

it7,._' Although it was not the purpose of this paper to present a basis for a correlation of

_..'." t _ the wind-tunnel and full-scale results, it was felt tl, the differences which have been

• noted between the present model configurations and th_ full-scale aircraft should be doc-

)_ umented. For more recent wind-tunnel investigations, the present 0.087-scale model has :
j •

'_- " been modified in an effort to keep the disparity between the wind-tunnel model and the

_"I " full-scale aircraft to a mi_.imum.

_::" TESTS AND CORRECTIONS
_- _ t "_

_ _ t! Tunnel Descriptions

' 1 i "i Most of the investigation was conducted in the Langley 8-foot transonic pressuretunnel, but a limited amount of supersonic data were obtained in the Langley 16-foot

;ii.l ' transo_gc tunnel. 1

The Langley 8-foot trm, sonic pressure tunnel is a continuous, single-return, rec- t

tangular, slotted-throat tunnel having controls that allow for the independent variation of

i " Mach number, density, temperature, and dewpoint. The stagnation temperature and dew-

_ point temperature we_'e maintained at values sufficient to avoid significant condensation

. _ effects. For the present investigation, because of the relatively large size of the model

.1 with respect to the tumml, the normal tunnel slots (only the tunnel top and bottom walls

"_ ! are slotted) which give a tunnel-wall open ratio of 6 percent were rep!aced by special
slots baying an open : atio of 22 percent. These latter slots were designed on the basiso

of reference 6 to give theoretically zero three-dimensional blockage.

The Langley 16-foot transonic tunnel is a continuous, single-return, atmospheric

L tunnel with a slotted octagonal throat m,d test section wlfich is 4.724 meters (15.5 feet)

_ wide and 6.7056 meters (22 feet) long. A more complete description of these facilities

is contained in reference _.

_':'"'_.. Tunnel Test Conditions ,

_ii 5',

'. ,I Tests were conducted in the Langley 8-foot transonic pressure tunnel at a stagna- :

_i i tion temperature of 322 K (120 ° F) and o_er a Math number range that varied from 0.25

'_ to 1.00, whereas in the Langley 16-foot trm._._.)nic tunnel, tests were couducted at Mach

numbers from 0.95 to 1.30. Although no _tte-.pts were made to correct the data from

the Langley 16-foot facility for condensati,,_n effects, it is felt that they are small since

' l !
the stagnation temperatures ranged from approximately 333 K (140 ° F) to 341 K (155 ° F). ii

'| However, based on calibrations of the Langley 16-foot transonic ttmnel, the test-section-

. ] wall divergence angle is adjusted as a function of mrstream dewpoint in order to eliminate

" ,.__.__^":_ ' 9
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: :r longitudinal sta+Ac-pressure gradients on the test-section center line that might occur
because of condensation of atmospheric moisture at Mach numbers from ].2 to 1_?.

.... Where possible, tests were conducted over the Mach number range at a constant

ii!i dynamic pressure in the Langley 8-foot transonic pressure tunnel. This procedure in

;._; conjunction with unpublished results for a second supercritical wing, which is geometri-

• t : cally identical but more elastic, would permit aeroelasticity and Reynolds number effects

:!i::il_i to be isolated more easily. Furthermore, for a tunnel dynamic pressure of 44 193 N/m 2

: ¢ (923 lb/sq ft), the present steel wing should have approximately the same relative deflec-

tion as the full-scale supercritical wing near a Mach number of 1 at 13.716 Km

(45 000 feet).

The tunnel-test conditions for the present inv _.stigation are summarized in table III.

Measurements

Six-component force and moment data were obtained by using an electrical strain-

gage balance housed within the fuselage cavity. Measurements were taken over a Mach

number range varying from 0.25 to 1.30 for angles of attack that generally varied from

-8 ° to 15o. However, several runs were made to obtain tugher angle-of-attack data, and

this angle-of-attack range varied from approximately 9° to 24° . These higher angle-of-

attack data were obtained by using an offset coupling which is shown in figure l(d). Force

and moment data were also ebtained through the lower angle-of-attack range for sideslip

angles of 2.5 ° and -2.5 °.

1 i For determination of the base drag, the static pressure iu the balance chamber and _:

in the plane of the model base were recorded by use of differential-pressure transducers . i
3

referenced to the free-stream static pressure. In addition, the wing was instrumented

with flush-surface stati c-pressure orifices distributed in streamwise rows over the upper

rigl,t and lower left wing panels. The surface pressures were measured with the use of

differential-pressure scanning-valve units mounted within the fuselage. A sample of

these pressure data are included herein for a Mach number of 0.99 and a lift coefficient

of 0.443. The senuspan aerodynamic load distribution has also been included for the

• same Mach number and lift coefficient. Complete pressure data results for the present

investigation are contained in reference 5.

To aid in the analysis of the boundary-layer flow t)atterns, photographs were taken

at selected test conditions of the wing upper and lower surfaces employing the fluorescent ,

oil film technique described in reference 8. Typical photographs for a Mach number of '

0.99 are presented in figure 5.
I

' ORI(_IN,'\L PAGE IS i
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•t Corrections

Drag results prest-nted herein J!ave been ;,djusted to ¢orrespolld to free-strcam

static dressure acting in tilt, Ixdance ehalllbt.r ,uld at tilt, Illodel base; however, no adjust-

merits to drag have been made lor tile internal flow through the ducts. Results tl'onl lllore

.-" recent investigations of the internal-drag and mass-flow characteristics ¢olldtlctt, d illln_th

7" the Langley 8-foot transomc pressure tunnel and tilt, Lamzlev 16-foot tran,,;omc tunnel wxth
• . o {

' the same nlodel are presented in figure 6. Tile results from tilt' B-foot tr.msonl¢ pres-

_" sure tunnel are presented i,lfiDlres 6(a) and 6(b) and a comparison of tile results from #

the 8-foot transonic pressttre tunnel and tim 16-foot transonic tunnel are pl't'St'lltt'd Ill

figure 6ic).

•, Tile internal drag and nlass-flow ratios were deterunued from measurenlents of

the total-pressure distribution and tile stntic pressure ill tile du¢t exit pl;llles bV rise Of :l

rake COllSisting of ten pitot-pressure tubes and oae statlc-pz'esstlrt" tube per duct. Tilt'

, 16-foot trallSOlliC ttlnnel lllteril;ll-drag coeffi¢ients :lnd nlass-flow r,lllOS Wt_l'e dt'tt'rllltllt'd

for tile Reynolds numbers shown ill table III for that facility where;is tilt" 8-foot tr,lnsoutc

pressure tumlel internal-flow l'esult$ were obtained only flu" tilt" higher Reynolds numbers
b

listed in table Ill for tile 8-foot transolu¢ prt's_ure tunnel.

The niodel support sting (with tilt exception of tile offset coupling) was deslgtlt'd Oil

the basis of tile results in reference 9 to mnlimize sung interference at ne,ir-sont¢ M,lch

nunlbers.

, Tile large size of tile present nlodel relative to tilt, tunnel st:t' r.llSt's ,i question of

absolute accuracy of tile results :'t test Math nunlbers approachlllg 1.00. Estamates have
i ,

indicated that solid blockage effects for tile present nlodel in till, 8-foot transont¢ pl-eSstlre

tullnel are theort, tie:lily zero t_lsed on till' results of reference 6, but thert, is semi, qut, s-

tiOll as It} tile aCCLll'atty of this theory at sonic speed. NO corl'e¢tion:_, howt'V¢l', have [:.'i'll

applied to the data for either solid or wart, blo¢kage effects.

Col'reetions flare been lll;lde to tile lllt'astlred angle of ;Ittack for model sLlppol't stills

and t_llance deflectiods o¢¢tlrrilig ;IS a result of ael'odyll;lllll¢ loads OI1 tht' lIItk{t'l ;illd for

tumlel airflow angxllarity. For tilt' 8-foot tralisolxi¢ pr_'ssure tunnel data ollly, furth¢r

COFFee,oils have bt,en II_.:lde tO tile llleasured allgle of attack for the fll'st-ordcr [_Lltld',ll'y ",

induced effects ;is calculated fr-uu the theory of referellce 10. This ¢orrettlOll ;llllOtllltS

to a reduction in tile measured angle of attack by 0.24 nlultlplied by the nornl.d-for¢'.'

coefficient.

, ,. f

Ftotlndary- Layer Tratlsitiotx !

mr...,.,lllodel |x_undary-layer tr_lnsitlon ;il'ratlgelllellts (deSlgll.ited herelll sis types I. f

IT, ;llld Ill) that were used over tilt' Maeh tltlllll_t,r rallge for tills l|lvestl_.ltlon, are dt,scrtbt, d __ {

=, " : I
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_. t_ in table IV, and the type I and type rl arrangements have been illustrated for the wing in ,
figure 7.

For Mach numbers 0.95 to 1.30, boundary-layer trips were located on the wing and -

the tail surfaces by using the technique descri',ed in references 11 and 12 to simulate the

full-scale Reynolds _mmber boundary-layer chax'acteristics at the wing trailing edge and

the full-scale Reynolds number shock location. This particular transition arrangement

has been designated herein as type I (see table IV) and is shown for the wing in figures 7(a)

and 7(b). It might be noted that the boundary-layer trips used on the wing upper surface

for the type I arrangement were located closer to the leading edge inboard of the

i 15.875 cm (0.25 inches) semispan station than the position which would be calculated L

t from reference 12 for this sectio_ of the wing. This more forward location was deter-

°. t mined experimentally by using the fluorescent oil film technique (ref. 8) and was used to

prevent unnatural laminar separation from occurring ahead of the transition strip. It is

" important to note that this type of separation would not occur on the full-scale airplane

"' since turbulent boundary-layer flow is usually established very close to the wing leading

edge at the full-scale Reynolds numbers. _,

For Mach numbers of 0.50, 0.80, and 0.90, the boundary-layer transition arrange- li':

,. , merit which is desigp.ated type II was employed, and this pattern is shown in figure 7(c)

for the wing upper surface. The wing lower surface and the remainder of the model

boundary-layer trips were the same as those for the type I arrangement. The boundary- _

layer trips on the wing upper surface ior the type II arrangement were located close to

the leading edge to prevent laminar separation from occurring ahead of the transition

strip. Again, such separation is unnatural in that it wouldnot occur at full-scale

Reynolds numbers.

At a Mach number of 0.25, the type III transition arrangement was employed. For _ ,_

this arrangement, all the model boundary-layer trips, except for the wing lower surface,
t.

were located at 5 percent of the local streamwise chords. The boundary-layer trips on

the wing lower surface, however, were located at 45 percent of the local streamwise ,'

•-:_ chords in an effort to simulate the full-scale Reynolds number boundary-layer tbicl_amss I :

"[' at the lower surface trailing-edge cusp. ',

.,, For all test Mach numbers, boundary-layer trips of number 120 carborundum grains i
.it

were applied around the fuselage 3.81 cm (1.50 inches) aft of the nose and 1.27 c,,n I
b , (0.50 inca) rearward of the inlet lip on both the inner and outer surfaces. All model i

' transition strips were 0.127 cm (0.05 inch) wide and were located by measurements taken •
in the streamwise directions.

:-. When employing t._e re_,_-ward transition locations as calculated from reference 12
L ,_-

, ' to simulate the full-scale Reynolds number boundary-Dyer characteristics at the wing! ,.";

_i(t trailing edge, transition nmst only occur at the _)rescribed trip locations. As a result, it
12
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is important to maintain the model region ahead of the boundary-layer trips in an

extremely smooth condition to prevent premature transition to turbulent flow• _rther-

_ more, any appreciable separation of the laminar boundary layer ahead of the rearward

,.. transition strips could cause erroneous results and would there,ore compro'nise the

_ .. original intent of simulating the full-scale Reynolds number boundary-layer character-

, istics at the trailing edge• For the present investigation, when taminor separation did

_'" occur at the relatively low test Reynolds numbers, the boundary-layer trips were moved

to a more conventional location near the _ing leading edge• (Note wing uppe_ surface for

the type II arrangement and the wing upper surface inboard of the 15.875 cm (6.25 inches}

• semispan station for the type I arrangement.) _ i

The more Iorward boundary-layer trips (at 0.05c') were located and sized by the

procedures described in reference 13• Although located as prescribed in reference 12,
the rearward boundary-layer trips were _so sized by the procedures discussed in
reference 13. i

J

"i PRESENTATION OF RESULTS !,

The resuRs of this investigation are presented in the following figures: I_
I

Figure i

t 1Longitudinal aerodynamic characteristics: +

Effect of Reynolds number on the longitudinal aerodynamic characteristics. "'
t

=0°; 5h=-2.5 ° ............................... 8

Longitudinal aerodynamic characteristics for an extended angle-of-attack I

' irange. /3=0o; 5h=-2.5 ° 9

Longitudinal aerodynamic characteristics for configuration 140 with the ,
horizontal tail off. /3 = 0° ........ 10

Longitudinal aerodynamic characteristics for configuration 140 obtained , :

in the Langley 8-foot transonic pressure tumml and the Langley 16-foot i

transonic tunnel• _ = 0°: 5h = -2.5 ° 11 _ /

Variation with Mach number of the longitudinal aerodynamic character- .

istics. /3= 0° 12• • * • l • . • • • • • • • . • . . 4, • • • • • • • • l • • • • •

Variation with Mach number of th_ (ir_6 coefficient at a lift coefficient

' of 0.44• /3=0°; 5h=-2,5 ° . 13• • • , • • • • • • • . • • • • i • • l+ • . • . •

Effect of sideslip on the longitudinal aerodynamic characteristics.

' 5h = -2.5 ° . 14.+

+, Lateral-directional aerodynamic characteristics:
I

i Effect of sideslip on the lateral-directional aerodynamic coefficients•
5h = -2.50 15

• "J.' Oill(;l"+:',I.r.'.+ "

I OE p(_,)[_ Q[ A+,,.£Y . r- 13
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Variation with Mach number of the lateral-directional aerodynamic .-:
.4 :

" 5° 16 Istability derivatives. 6h = - 2......................... ,, /.

Aerodynamic load results: - :!

Streamwise-chord pressure distributions at a Mach xmmber of 0.99
d

" ,and a lift coefficient of 0.443 .......................... 17 ,
"L {

Semispan aerodynamic load distribution 1or a Mach number of 0.99 •
{

and a lift coefficient of 0.443 .......................... 18
r
,

DISCUSSION OF RESULTS

i
Effects of Reynolds Number and Aeroelasticity on :l

the Pitching-MomentCharacteristics i
.!

At any Mach number, increasing the tunnel total p,-essure results in an increase of {

both Reynolds number and dynamic pressure. For tiffs reason, it is very difficult to study I

their effects independently. The combined effects oi increased Reynolds number mid wing l_
aeroelastic deflection on pitch-up are more pronounced thm_ their effects on the lift char- ' :

i "acteristicsas shown infigure8. !

_ ' For example, figure 8(a) indicates that the lift coefficient at wlffch pitch-up occurs I
for a Math number of 0.25 is extended by approximately 0.09 when the Reynolds number !

" ]
is increased from 6.6 . lU6/m _2 0 × 106/ft) to 10.2 × 106/m (3.1 x 106,/It). Unpublished I

' results for tests up to a Reynolds number of 30.6 x 106/m (9.3 x 106/It) at a Mach num-

ber of 0.25 also indicate that the lift coefficient at pitch-up is further increased by similar t

, increments as the Reynolds number is increased, i

lAs noted cartier, the effects described occur as a result of increases in both !

_ _Reyn°lds m,mbvr and wing aeroelastic deflection. In an effort to distinguish between the iii, effects of Reynolds number and aeroelastic_ty, a second wing, constructed of aluminun_ . '

i and therefore more elastic, was tested at tumml pressures so that tlu,_ aeroelastic defl ec- "_

tions for both the steel and ,o,lundnuni wings were approximately the same. Based upon " '

these results (unpublished), itappears that at tile|ff_hersubsollic Mach ntlnlbers, Reynolds i
I

number effects on pitch-up may be less predominant than the effects of aeroelasticity for I

, the relatively lffgh swept wing, although both tend to delay pitch-up as they increase.
Increased dynamic pressure results in increased wing loading and in gr¢''ater wing twist.

This twist increment tends to unload or "wash-out" the wing tips and delays stall on the

'. _ region of the wing. Improwd .[,I c,.ing-moment characteristics which re associated with :

, '_ the effects noted are evident (see fig, 8) at all the higher subsonic Mach numbers.
!
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) i Longitudinal Aerodynanfic Characteristics
r

" Lift characteristics.- As showu in figmre 9, although the lift-curve sh)pes decrease

" . . at the higher angles of attack, a point of maximum lift is not reached over tile range of

-" these tests. The variation of lift-curve slope with Math number is presented in fig-

,?: ure 12(a), These slopes were taken at angles of attack between 0o and 4°, and it might ,
be noted that the curves are practically liuear over this angle-of-attack rmlge. Fig-

?", ure 12(a)indicatesthatthe lift-curveslopes increase tipto Mach 1.0 and then decrease

' _ as the Mach number is increased above 1.0,

: _,__tching-moment characteristics.-. The variations with Math numbe_' of the longi- i

,., tudinal stability derivatives, which were measured at angles of attack between 0° and 4 °

and the pitching-moment coefficient at zero lift are presented in fig-ores 12(b) and 12(c),

'. respectively. Although at qm high Mach numbers the static mar_iu increases consider- '{
• 1

" ably as indicated by the nlore negative trend of CmCL, trim-drag penalties nmar tile

, cruise-lift coefficient are minimized tu a large extent by the pusitive trend cf Cm, o

with Mach number. Aalother important latter relating to tile level of stability of tile air-

::. craft is that the present data were computed about a center-of-gravity location of 025c i.:, p,
whereas it is anticipated that tile aircraft will fly with tile center of gravity at 0.555. !b

• As a matter of interest, the curve of Cm, o plotted ag_dnst Mach nulllbcr (fig, 12(c)) i
•" is for a configuration having a horizontal-tml angle of -2.5 °. This configuration was

chosen because estimates have indicated that this tail angle would be required for trim I,
• at the crlfise Math ntunber and lift coefficient with tile aircraft center of gravity located "!

' at 0.35_. "

: With regard to the variation of pitching-monmnt coefficient with angh, of attack, the

results for the extended angle-of-attack range are presented in figure 9. Although pitch-

,.,.. up does occur at each Math number, it is well beyond level-flight lift coefficients and all

""' the pitcldng-monmnt curves become stableavain as-theangle of attackis increased beyond%,

•":,, the point of pitch-up. U ,published results from more recent wind-tunnel tests employing

'"_;; the same model show that with the addition of _inderwing leading-edge vortex generators

_ pitch-up is either eliminated or significantly reduced over the same angle of attack and
'",, Mach number range for which data are presented herein. The higher angle-of-attack data

,>y_ were obtained with an offset-sting arrangement slmwn in figure 1(:) and tile interference

effects associated with this support account for the slight miaal,n( nl( lit with the lower

"" angle-of-attack results. Nevertheh, s.,,, tile agret, ment for these two sets of data obtained

, ,,, with considerably diffe:'ent sti.ng arrangements is considered to be good.

";." D_r___characteristics.- The variation of drag coeffi,'ieut with M:_ch number at a Lift

" coefficient of 0.44 (approximately the cruise lift coefficient) is strewn in figure 13. It .,

i >_i)_ should be noted that the drag coefficients have not beoll corrected for interred drag; how., '"

":I"h ..........
,o,,: - ORIGINALPAGEIS

OF POOl{(}[.'.,2tT,ITY '
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ever, the internal drag coefficients and mass-flow ratios for the model are presented in

1_i figure 6" Figure 13 indiclltes a drag-divergence Mach nunlber °f ab°ut 0'97 t° 0"98 f°r-- " ._ from the !

configurations 136 and 140 (drag-divergence Mach number is defined as the Mach num-

ber where (_CD/_}M) = 0. All drag values in figure 13 were selected higher

Reynolds number data for the results from the Langley 8-foot transonic pressure tunnel,

and the drag points at Mach numbers of 0.98 and 1.00 were obtained from limited-range !'' drag polars which have not been included in this report, i

' In regard to the determination of drag-divergence Mach number, it should be pointed _/|_!

out that although the drag divergence for the complete configuration occurs at a Mach

number of about 0.97 to 0.98, the oil-flow photographs of figure 5 and the pressure dis-

' tributions given in figure 17 for a Mach number of 0.99 indicate that the flow over the _!!

i wing is still good, only a small degree of trailing-edge separation being evident. It was /conjectured that the drag divergence noted is associated with the overall configuration

area distribution. Unpublished results verify this result in that improvement in the

overall area distribution through the use of area-rule, fuselage-side fairings resulted in

increases in drag divergence Mach number m_d cle,'m wing flow characteristics at a Mach !'

,, number of 1.00 for lift coefficients of approximately 0.44. Figure 12(a) also substantiates i _"

::-. this result in that the lift-curve slope reaches a maxinmm near Mach 1.00. I

The drag values for the horizontal-tail-off configuration shown in figure 13 were I'"
taken at the angle of attack which corresponds to a lift coe//2cient of 0.4,_ for the _ame -!

,: horizontal-tail-on configuration, (See fig. 10,) For the corresponding augle_ of attack, !,

_. the lift coefficients for the horizontal-tail-off conli,,maration were only slightly different "I

': from 0.44 between Math numbers of 0.80 and 1.00 (that is, C L = 0.42 at M = 0,80 and t

_, CL=0.44 at M--1.00). t _

• Based on unpublished data for several similar co_ffigtwations, the drag results for ,.]
configuratiou 136 at a Mach number of 0.80 (see fig, 13) appear to be in error. There-

fore, the drag point at a Math number of 0.80 in figure 13 was faired on the basis of the . I

_" unpublished data and the drag polar at a Mach number of 0.80 for configuration 136 in fig- i

ure 8 has been omitted, " t

A revie_ ot the summary results presented in flg'ures 12 and 13 indicates measur- i
;,:, able differences between the results obtained in the Langley 8-foot transonic pressure

tunnel _nd t_:-, Langley 16-foot tcansonic tunnel, particularly in the M = 0.99 data, The

_: agreement between the data at M = 0,95 is thought to be reasonably good (see fig. 11);
:_, however, the reasons for the differences in the results at a Mach number of 0.99 remain ,

- uncertain, Although tests were conducted ia the two facilities at diIferent Reynolds num-

bers, the differences noted in figure 11 do not correspond with the effects of variation in

Reynolds number as shown in figure 8, especially for the pitching-moment and lift
characteristics.

If,
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Lateral-Directional Aerodynamic Characteristics

Figure 14 presents the effect of sideslip angle on the longitudinal aerodynamic ,

characteristics for Much numbers of 0.25, 0.95, and 0.99. Although some changes are

noted in the pitching-moment curves for the. sideslip angles at which data were obtained,

the effect of variation in sideslip angle on the lift and drag characteristics is small. . :

The lateral-directional aerodynamic coefficients at sideslip angles of 0o and +2.5 ° .

and for an angle-of-attack range that varied from -2 ° to 14° are presented in figure 15 3 .
1

for Much numbers of 0.25, 0.95, and 0.99. The lateral-directional aerodynamic stability i

(cderivatives l_, Cn_, and Cy have been computed for angles of attack of 0°, 4°, and _;•
] :

go and are presented in figure 16 for Mach numbers of 0.25, 0.95, and 0.99. Directional _ ..
I

stability and positive effective dihedral are indicated throughout the angle-of-attack and
1

sideslip-angle range for the three Mach numbers at which data are presented in figure 15. _

Aerodynamic Load Results

As a matter of interest, the streamwise-chord pressure distributions at a Much

number of 0.99 and a lift coefficient of 0.443 are given in figure 17, and the semispan

r erodynamic load distribution for the same Mach number and lift coefficient is presented

in figure 18. It might be noted that in figure 17, the 4.4-percent-semispan station is along

the fuselage and thereby accounts for the abrupt pressure changes, and the first 12 points,

which are unfaired, are located on the canopy. No appreciable separation on the wing is

indicated by these pressure data at this Mach number and lift coefficient. Complete-wing

pressure data results and analysis for tlds investigation are contained in reference 5.

C ONC LUSIONS

The present wind-tunnel investigation of the basic aerodynamic characteristics of a

supercritical-wing research airplane configuration has shown the following results:

1. A drag-divergence Mach number of approximately 0.97 to 0.98 at a lift coefficient

of 0.44 is indicated for the complete configuration; however, oil-flow photographs of the

wing and wing pressure data indicate that the wing is still performing well at a Much num-

ber of 0.99.

:I 2. The combatted effects of increased Reynolds number and increased wing twist t

i due to aerodynamic luad result in significant improvements in the pitch-up characteris- ,,
tics, particularly at a Much number of 0.25.

i 3. Notable increases in le,lgitudinal stability occur as the Much number is increasedl

above 0.90. However, an atte,dant increase in the positive values of pitching-moment

-::: ........ .....   I IGINAL2AdE I8 17
PO01 QUAI,I'r
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"._ coefficients at zero lift (Cm,o) results in a powerful compensating effect so that little

change in trim angle of attack occurs with increasing Mach number.

_" 4. Both directional stability and positive effective dihedral are indicated throughout .. :

"_: the Mach number, angle-of-attack, and sideslip-angle range for which data were obtained i

_! . (M = 0.25, 0.95, 0.99; /3 = 0O, +2.50; and _ = -20 to 14°). iLangley Research Center, ' :

_::. National Aeronautics and Space Administration,

, Hah_pton, Va., November 29, 1971. _ :

P." j -
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TABLE I.- CONFIGURATION SCHEDULE ! ;
I'

Configuration 5h, deg /3, leg TransitiOntype Mach number range Wind tunnel ,f_ !

136 -2.5 I I 0.95, 0.98, 0.99, 1.00 8-It TPT I

136 _ II 0.50, 0.80, 0.90 i_:

136 ±' .5 I 0.95, 0.99 I
136 0, 2.5 HI 0.25

138 , t I 0.95,0.98,0.99, 1.00
}

138 H 0.50,0.80,0.90

_!i,:,I 138 HI 0.25 :,, 140 I 0.95, 0.99 ! _

140 I 0.95,0,99, 1.02,1.20,1.30 16-ItTT

140 Horizontal tail off I I 0.95, 0.98, 0.99, 1.00 8-ft TPT '
140 Horizontal tail off II 0.50, 0.80, 0.90 8-ft TPT

J

r' I '_ *

?ill" 20 i C ...... _:"....
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TABLE H.- WING COORDINATES ALONG STREAMWISE CHORDS - Continued

_ (b) y = 0.104; c'= 45.639cm (18,047in.) ,,i
,;

_'_] '_ z'/c' z'/c' z'lc'

_' x'/c' Upper Lower x'/c' Upper Lower x'/c' Upper Lower .

surface surface surface surface surface surface

- 0 0.0379 0.0379 0.0240 0.0608 0.0133 0.0958 0.0777 -0.0057 :
•00001 .0384 .0373 .0250 .0613 .0128 .0979 .0781 -.0061 '
.00004 .0389 .0368 .0261 .0617 .0123 .I000 .0784 -.0064

• .00010 .0395 .0362 .0272 .0621 o0118 .1022 .0787 -.0068 t

, .0002 .0400 .0357 .0283 .0625 .0114 .1043 .0790 -.0071 :]
_, .0003 .0406 .0351 .0294 .0629 .0109 .I065 .0793 -.0075

.0004 .0411 .0345 .0306 .0633 .0104 .1087 .0797 -.0078 _

I , .0006 .0417 .0340 .0318 .0637 .0100 .III0 .0800 -.0081
-i _ .0007 .0422 .0334 .0330 .0641 .0095 .1132 .0803 -.0085 't
' ,,I_L .0009 .0428 .0329 .0342 ,0645 .0091 .I!55 .0806 -.0088 _,

II .0011 .0433 .0323 .0355 .0649 .0086 .1178 .0809 -.0091• .0014 .0438 .0318 .0368 .0653 .0082 .1201 .0812 -.0094 I:
_.'1 .0016 .0444 .0312 .0381 .0657 .0078 .1224 .0815 -.0097 ,

_!:i .0019 .0449 .0307 .0394 .0661 .0073 .1248 .0818 -.0100 tt.0022 .0454 .0301 .0408 .0665 .0069 .1272 .0821 -.0103
•] .0025 .0460 .0296 .0421 .0669 .0065 1296 .0824 -.0107

.0029 .0465 .0290 .0435 .0673 .0061 1321 .0827 -.0110 1 _

.0033 .0470 .0285 .0449 .0677 .0056 1345 .0829 -.0113

.0037 .0475 .0279 .0464 .0681 .0052 1370 .0832 -.0116

.0041 .0481 .0274 .0478 .0685 .0048 1395 .0835 -.0119 q

.0045 .0486 .0268 .0493 .0688 .0044 1420 .0838 -.0122

.0050 .0491 .0263 .0508 .0692 .0040 1446 .0840 -.0125 :.

.0055 .0496 .0257 .0523 .0696 .0036 1471 .0843 -.0128" .0060 .0501 .0252 .0539 .0700 .0032 1497 .0845 -.0131

'-,_ .0065 .0506 .0246 .0555 .0703 .0027 .1523 .0848 -.0134
• ":_] .0071 .0511 .0241 .0571 .0707 .0024 .1550 .0851 -.0136
,, ', .0077 .0516 .0236 .0587 .0710 .0020 .1576 .0853 -.0139 .:_:_

.0089 .0526 .0225 .0620 .0717 .0012 .1630 .0858 -.0145 :'"\_,, _ .0095 .0531 ,0220 .0637 .0720 .0008 ,1658 .0860 -.0148 .:_

.0102 .0536 .0214 .0654 .0723 .0004 .1685 .0863 -.0150 .':_

.0109 .0541 .0209 .0671 .0727 0 .1713 .0865 -.0153 "'_._

.0116 .0546 .0204 .0689 .0730 -.0004 .1741 .0868 -.0153 "-

.0123 .0550 .0198 .0707 .0733 -.0007 .1769 .0870 -.0158 "_

.0131 .0555 .0193 .0725 .0736 -.0011 .1797 .0872 -.0161

.0139 .0560 .0188 .0743 .0740 -.0015 .1826 .0874 -.0163 t_i

.0147 .0565 .0183 .0761 .0743 -.0019 .1855 .0877 -.0166

.0155 .0569 .0178 .0780 .0747 -.0023 .1884 .0879 -.0168

.0163 .0574 .0172 .0799 .0750 -.0026 .1913 .0881 -.0171

.0172 .0578 .0167 .0818 .0754 -.0030 .1943 .0883 -.0173
I .0181 .0583 .0162 .0837 .0757 -.0034 .1973 .0885 -.0175

.0190 .0587 .0157 .0857 .0760 -.0038 .2003 .0887 -.0178!

_ .0200 .0_91 .0152 .0877 .0764 -.0042 .2033 .0889 -.0180
[ .0209 .059¢ ,0147 .0897 ,0767 -,0046 ,2063 ,0891 -.0182

! . .0219 .0600 .0142 .0917 .0771 -.0050 .2094 .0892 -.0184 :ii! .0229 .0604 .0137 .0938 .0779 _|.-.0053 .2125 .0894 -.0187

............................

"4
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I Iii
_,,_

• Y-_ --0.I04; c'= 45.839cm (18.047in.)- Concluded
i.? (b) b/2

i,ii. z'/c' z'/c' i
x'/c' Upper Lower x'/c Upper Lower

-" _ ' surface surface surface surface _

ili!t
0.2156 0.0896 -0.0189 0.3833 0.0876 -0.0238 '

.2187 .0897 -.0191 .3875 .0873 -.0238 "

.2219 .0899 -.0193 .3917 .0871 -.0238 "_

.2251 .0900 - .0195 .3959 .0868 -.0237 '
1.2283 .0902 -.0197 .4001 .0865 -.0237

_,-l_i":\"l .2315 .0903 -.0200 .4044 .0861 -.0236.2348 .0905 -.0201 .4087 .0858 -.0235 1
,_, .2380 .0906 -.0203 .4130 .0855 -.0234 !

.2413 ,0907 -.0205 .4173 ,0851 -.0233 t_ i.2446 .0908 -.0206 .4217 .0848 -.0232

.2480 .0909 -.0203 .4261 .0844 -.0230 I_.2513 .0910 -.02I0 .4305 .0841 -.0230

.2547 .0911 -.0212 .4817 .0793 -.0209 ti I

.2581 .0911 -.0213 .5515 .0726 -.0155 li _'.2616 .0912 -.0215 .6095 .0669 -.0095

.2650 .0912 -.0216 .6591 .0617 -.0035 t' '.2685 .0913 -.0218 .7023 .0571 .0018

.2720 .0913 -.0219 .7406 .0530 .0065 i

.2755 .0913 -.0220 .7748 .0493 .0105

.2791 .0913 -.0222 .8057 .0454 .0135 _ "

.?Ao_ .0913 -.0223 .8341 .0414 ,015 _, _ !

.2862 .0913 -.0224 .8602 .0374 .0168 I i

.2898 .0913 -.0225 .8843 .0336 .0170 t i.2935 .0912 -.0226 .9068 .0299 .0163

.2971 .0912 -.0227 ,9277 ,0265 ,0153 ! t
!_ .3008 ,0912 -.0228 .9474 .0232 .0140 I I

_' .3045 .0911 -.0229 .9659 .0196 .0124 1 j
.... _ .3082 .0910 -.0230 .9747 .0178 .0115 I_,_ ,_, .3120 .0909 -.0231 .9833 .0159 .0103 _ }

-- ,_ .3157 .0908 -.0232 .9943 .0132 .0088 i 1
" _'I-'_ .3195 .0907 -.0232 .9966 .0126 .0085 _ ,_

J :_ .3233 .090_ 1.0000 .0080 { __ .3272 .0904
.3310 .0903 ,

" _ .3349 .0901 i
_'_.:_ .33P8 .0900

"_ _ .3428 .0898
::_ :_:,_ .3467 .0897

..,.,< 35o7 .o8 5
-' ._ ' .3547 .0893 -.0238 I

J % ' I _'

_ : -_'" .3587 .0891 -.0238
-. '': .3627 .0888 -.0239
_':" V .3668 .0886 -.0239

" ": .3709 .0884 -.0239
:"" _, .3750 .0881 -.0239

!_ ":. .3791 .0879 -.0239d ', ,_

"].V '

'_"'?,,.,; ORIGINAL PAGE IS
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T_BLE H.- WING COORDINATES ALONG STREAMW_E CHORDS - Con_nued _i -
,/

(C) _ = 0.158; c' = 36,873 cm (14.517 in.) ib/_

z'/c' z'/c' z' '

x'/c' Upper Lower x'/c' Upper Lower x'/c' Upper Lower _
surface surface surface surface surface surface _

0 0.0384 0.0384 0.1373 0.0834 -0.0104 0.2747 0.0881 -0.0191 _'
.0030 .0472 .0294 .1403 .0837 -,0107 .2776 .0881 -.0191 ,:
.0060 .0507 .0257 .1433 .0839 -.0110 .2806 .0880 -.0192 ,_:
.0090 .0533 .0229 .1463 .0842 -.0113 .2836 .0880 -.0193
.0119 .0554 .0206 .1493 .0844 -.0116 .2866 .0879 -.0194 j"
.0149 .0572 .0186 .1523 .0846 -.0118 .2896 .0879 -.0194 ":'
.0179 .0588 .0168 .1552 .0848 -.0121 .2926 .0878 -.0195 :_
.0209 .0603 .0152 .1582 .0851 -.0124 .2956 .0878 -.0196 ,_
.0239 .0615 ,0137 .1612 .0853 -,0127 .2985 ,0877 -.0196 ._
.0269 ,0626 .0124 .1643 .0855 -.0129 .3015 .0876 -.0197 t
.0299 .0636 .0112 .1672 .0857 -.0132 .3045 .0876 -.0197 ,:i
.0338 .0646 .0100 .1703 .0859 -.0135 .3075 .0875 _.0198 i
.0358 .0656 .0090 .1732 .0860 -.0137 .3105 .0874 -.0198 l
.0388 .0665 .0079 .1761 .0862 -.0139 .3828 .0845 -.0192 :

.0418 .0674 .0070 .1791 .0864 -.0142 .4600 .0802 -.0158 l_i

.0448 .0683 .0061 .1821 .0865 -.01d_ .5245 .0761 -.01_5

.0478 .0691 .0053 .1851 .0867 -.0146 ,5797 .0721 -.0068

.0508 .0698 * .0045 .1881 .0868 -.0148 .6279 .0681 -.0021

.0537 .0706 .0037 .1911 .0869 -.0151 .6707 .0642 .0027 i

.0567 .0713 .0029 .1941 .0871 -.0153 .7095 .0605 .0071 k

.0597 .0719 .0032 .1970 .0872 -.0155 .7447 .0568 .0114 _,,.

.0637 .0726 .0015 .2000 .0873 -.0157 .7769 .0533 ,0153 _'

.0657 ,0732 .0008 .2030 ,0874 -.0159 .8066 .0501 .9183 .._

.0687 .0738 .0002 .3060 .0874 -.0161 .8341 .0470 .0305 ")"

.0717 .0744 -.0005 .2090 .0875 -.01_2 .8596 .0438 .0319 ilq"l

0746 .0750 -0011 2130 0876 -0:64 8836 0402 0235
.0776 .0756 -.0017 ,2149 .08?7 -.0166 .9075 .0368 .0225
.0806 ,0761 -.0022 .2179 ,0877 -,0167 ,9313 .0333 ,0230
,0836 ,0766 -.0038 .2209 .0878 -.0169 .9548 ,0295 .0207 " "
.0866 .0771 -.0033 .2239 .087_ -.0170 .9663 .0376 .0199 I
.0896 .0775 -.0038 .3369 .0879 -._!72 .9776 .0255 .0190
.0925 .0780 -.0043 .2299 .0879 -.0174 .9924 .0236 .0174 ',
,0955 .0784 -.0048 .3329 .0880 -.0175 .9956 .0230 .0170 "i
.098_ .0789 -.0053 .3358 .0880 -.0176 1.0000 .0164 _ '¢
.1015 .0793 -.0057 .2388 .0881 -.0178 _-i
.1045 .0797 -.0061 ._418 .0881 -.0179 i _'

.1075 .0801 -.0066 .a448 .0982 -.0180 i_

.1105 .0804 -.0070 .2478 .0882 -.0182 i

.1134 .0808 -.0074 .2508 .0882 -.0183 1

.1164 .0811 -.0078 .2538 .0883 -.0184

.1194 .0815 -.0082 .3567 .0882 -.0185

.1224 .0818 -.0086 .2597 .0882 -.0186

.1254 .0821 -.0090 .2627 .0882 -.0187
.1384 .0825 -.0093 .265? .0883 -.0188
.1314 .0828 -.0097 .2687 .0882 -.0189

I

1,
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(d) _ :--0.232; {e) Y = 0.309; (,f) Y = 0.386;
- b/2 b 2 b "2

c' = 26.355 cm (I0.376 in.) c' = 20.808 cm (8.192 in.) c' = 18.654 ,'m (7.344 in.)

I ...........,,c i ,c .....
x'/e' Upper Lower ! x'.'e' : Upper i Lower x',,e' I Uppm" I L,>wer

surface surface surface i surface i surface I surface
.......... _ ............. . _ -

0 0.0378 0.0378 0 0.0318 ' 0,0318 0 0.02_5 0.0255
.0006 .0420 ,0336 .0004 .0349 ' .0288 .0002 .0282 .0229
,0028 .0471 .0284 .0018 ,0385 ,0251 .0013 .0314 .0196

,0055 .0507 .0246 .0035 .0411 ' .0224 ,0025 .0337 .0173 I
.0096 .0545 .0206 .0062 .0439 ! .0196 .0044 ,0361 .0148 :
.0150 .0581 .0167 .0097 ,0465 .0169 .0C69 .0384 ,0124 !
,0204 .0607 .0136 .0131 .0486 ,014_ .0094 .0402 .0106
.0335 .0654 .0080 .0217 .0529 I .0107 .0156 .0435 .0074 i
,0648 ,0723 0 ,0426 ,0597 ,0046 ,0310 .0492 ,0024 I i,0942 ,0764 -.0045 ,0626 ,0642 .0007 ,0462 .0532 -.0010 i ,
,1218 ,U792 -,0073 ,0819 ,0677 -,0020 ,0613 ,0563 -,0037 l,I "
,1727 .0826 -.0109 .I186 .0_5 -.0063 .0911 .0_I0 -,0076 |_
.2184 ,0843 -.0130 .1530 .0758 -.0091 ,]204 .0646 -.0103 [.2987 .0860 -.0140 .2174 .0804 -.0117 .1777 .0697 -,0129

•:_ ,3683 .0859 -,0128 .2770 .0828 -,0122 .2334 .0728 -.0141 i
.4293 .0847 -.0105 .3329 ,0837 -,0117 .28_6 .0750 -.0139 i

", ,4835 .0827 -.0077 .3857 .0838 -.0102 .3405 .0765 -.0129

_t .5322 .0805 -.0044 ,4362 ,0833 -.0081 .3922 .0773 -.0111,I

_!] .5764 .0780 -,0007 .484d .0822 -.0054 .4430 ,0775 -.0088 ,
_ .6174 .0751 .0033 .5318 .0807 -.0020 .4927 .0775 -.0037

.6575 .0725 .0081 .5781 .0_94 .0023 .5417 .0773 -.0017

.6962 .0699 .0129 .6236 .0780 .0076 .5898 .0768 .0034

.7335 .0669 .0178 .6682 ,0763 .0139 .6373 .0760 • ,0099

.7694 .0641 .0228 .7120 .0745 .0209 .6842 .0749 , .0179
,8043 ,0611 ,0273 ,7549 ,0722 ,0283 ,7306 ,0733 i ,0266
,8382 ,0579 ,0310 ,7972 ,0696 ,0353 .7765 .0712 .0355
.8713 ,0544 .0334 .8388 .0665 .0408 .8220 .0688 .0427 '
.9038 .0506 ,0347 ,8799 ,0628 .0441 ,8671 ,0655 , .04_I
.9361 .0461 ,0346 ,9204 ,0582 .0449 .9!18, ,0610 .0481 [:
.9522 ,0438 ,033;, .9404 ,0554 ,0441 .9:|I .0582 i ,0471 i
,9683 ,0414 .0329 .96041 .0523 .042,1 .9662 : .0549 .0448 1
,9893 _03_I .0308 ; ,0475 .0385 i .9852 ; .0495 .0397

,9866 ,0464 ,0374 .9913 I ,0462 i ,0363 ',9937 ,0374 ,0302 ,99211 | i
............. { 1.°°°°L L..o358_, 1.ooooL...... ,' .o364 ,

1

'1
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i t i

t TABLE II.- WING COORDINATES ALONG STREAMWlSE CHORDS - Continued
#

: (g) _Yb/2= 0.464; (h) _5/2 = 0.541; (i) Y_5/2= 0.580; . A_

i c' = 12.537 cm (4.936 in.) c' = 16.231 cm (6.390 ill.) C' = 15.624 cm (6.151 in.)
Z'/C' Z' /C' Z'/C'

x'/c' Upper Lower x'/c' Upper Lower x'/c' Upper Lower
surface surface surface surface surface surface

i
0.0193 0.0193 0 0.0122 0.0122 0 0.0082 0.0082

,0002 ,0218 00168 .0002 .0146 .0097 .0002 .0106 .0058
.0012 .0249 .0137 .0011 .0175 .0068 .0011 .0135 ,0029
.0023 .0270 .0115 .0023 .0197 .0046 .0023 .0156 .0008
.0041 .0294 .0091 .0040 .0219 .0023 .0040 .0178 -.0015
.0064 .0316 .0068 .0063 .0240 .0001 .0063 .0199 -.0037
.0088 .0332 .0051 .00861 .0257 -.0015 .0086 .0216 -.0053 ,_

.0146 .0367 .0020 .0143 I .0289 -.0046 .0143 .0248 -.0082 !_:.0291 .0420 -.0029 .0286 .0343 -.0093 .0286 .0301 -.0127 I

.0435 .0459 -.0062 .0429 .0380 -.0123 .0429 .0340 -.0157 '_
,0578 .0488 -.0087 .0570 .0410 -.0145 .0570 .0369 -.0178
.0862 .0530 -.0122 .0852 .0454 -.0177 .0852 .0414 -.0207
._143 .0=_1 -.0145 .1132 .0488 -.0198 .1132 .0450 -.0226
.1697 .0610 -._170 .1686 .0540 -.0215 .1686 .0504 -.0241
.2241 .0646 -.0177 .2232 .0578 -,0218 .2232 .0545 -.0241
.2"_76 .0673 -.0173 .2770 .0608 -.0211 .2770 .0577 -.0230 ',..
.3304 .0694 -.0161 .3300 .0633 -.0195 .3300 .0603 -.0214

.3824 .0°707 -.0li4 .3823 .0354 -.0173 .3823 .0626 -.0191

.4338 .0720 -.0119 .4338 .0672 -.0147 .4338 .0646 -.0163
,4846 ,0729 -.0085 ,4846 .0686 -.0112 .4846 .0662 -.0126
.5347 .N734 -.0045 .5347 .0694 -.0u69 .5347 .0673 -.0082
.5841 .0735 .0008 .5841 .0700 -.0013 .5841 .0681 -^0025
6329 .0732 .0075 .6329 ,0704 .0055 .6329 .0687 .0045 '

.6810 .0725 .0156 .6810 .0702 .0141 ,6810 .0688 ,0129
, .7284 .0714 .0250 .7284 .0696 .0235 .7284 .0686 .0225 ,'

_'_ .7752 .0700 .0341 .7752 .0683 .0326 .7752 .0676 .0318 ;
:I .8213 .0_77 .0416 .8213 .0663 .0402 .8213 .0656 .0395

I .8669 .f_646 .0464 .86G9 .0635 .0452 .8669 .0628 .0444
.9118 °0603 .0476 .9118 .0592 .0463 .9118 .0586 ,0455
,934_ .0576 .0464 .9341 .0565 .0452 .934) .0559 .0445 "
.9562 .0542 .0438 .9562 .0531 .0427 .9562 .05_5 .0421
.9852 .0487 .0388 .9852 .0475 .0376 .9_'82 .0484 .0385
.9913 .0474 .0374 .9913 °0462 .0362 .9913 .0454 .0354

1.0000 .0352 1.0000 .0339 1.0000 ,0331
,,_ .................................

t /

i

26 ...... . .... u
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ii r°"_7"_:::_
ii
": .d TABLE 1I•- WING COORDINATES ALONG STREAMWISE CHORDS - Continued .l

:,. (9 .y---- 0.818; (k) Y = 0.657; (Z> Y --0.69_;
._ b/2 b/2 b/2

,_ c' = 15•019 cm (5,913 in.) c' = 14,412 cm (5.674 in.) c' = 13,807 cm (5.436 ill,) i

L '!%

, . ........ -_ A

" , Upper ower i

"' ...........................surfa.c_eI surface ,surf;ice surlace ___ l surface [St.ll'fact,,

-CO;!..............f
• 0 0.0043 0.0043 0.0002 0.0002 0 -0,0041 -0.0041

.0002 .0066 .0019 ,0025 -,0022 .0002 -.0018 -.0064
,0012 ,0C95 -,00i0 ,0011 i .0054 -.0050 ,0011 ,u0h' -.0092

" ,0023 .0116 -.0031 ,0023 .0074 -.0071 ,0023 •0031 -.0112
,0040 .0138 -.0053 .0040 ,0096 -.0093 .0040 .0052 -.0134 "

_. .0063 •0158 -.0075 .0063 ,0116 -.0114 .0063 .0072 .,.0155 _._
• .0086 ,0174 -.009I .0086 .0131 -.0129 .0086 .0087 -.0170

.0143 .0205 -.0119 •0:43 .0162 -.0160 •0143 .0119 -,0201
: .028G .0259 -.0164 ,0286 .0218 -,020l •0286 .0175 -,0241

.0429 .0298 -.0194 ,0429 .0256 -.0230 ,0429 .0214 -.0266
. .0570 .0328 -.0213 ,0570 .0287 -.0250 .0570 ,0244 -.0285

: ,0852 .0374 -,0239 ,0852 .0333 -.0273 .0852 ,0291 -,0306
_; .I132 .0411 -.0255 .I132 .0370 -.0286 .1132 ,0328 -.0318

•1686 ,0467 -.026_ .1686 .0428 -.0294 .168(; .0388 - .0325

;, .2232 .0509 -.0265 .2232 .0472 -.0289 ,2232 .0434 I -,0317
,2770 ,0543 -.0251 .2770 .0507 -.0274 ,2770 .0469 -.0299
.3300 .0571 -.0233 ,3300 .0538 -,0253 ,3300 .0503 -.0277 '

_. .3823 .0597 -,0209 ,3823 .0564 -.0229 .'3823 .0530 _.0251 ,
'_" .4338 .0618 -,0180 .4338 .0588 -.0199 ,,1338 ,0557 -.0219
:"' .4846 .0637 -.0142 .4846 .0608 -.0159 .4846 .0579 -.0178 '

.5347 ,0650 -.0097 .5347 ,0626 -,0112 .5347 ,0600 -.0129 '_
,5841 .0661 -.0039 .58.t I .063,q -,0053 .5i_41 .0616 -.0069
.6329 .06()9 .0033 .b32,) ,0650 .0018 .6329 ,0627 .0004

• .6810 .0673 .0117 .6810 .0656 ,0106 ,6810 .0636 ,0093 '
.7284 ,0672 .0216 .7284 .9G57 ,0205 .7284 .0640 .0191

. ,7752 .0664 ,0308 .7752 .0650 .0297 ,7752 ,0636 .0284
,8213 ,0647 .038o .82 ! ":, .0636 .0374 .8213 .00,3"')' .0360
,8669 .0620 .0437 ,86 _9 .0610 .0425 .8669 ,0599 .0411

_' ' ' .9118 .0579 .0446 .9118 ,0570 .0436 .9118 .0559 .0424
.934! ,0551 .0436 .93,11 .O543 .0426 .9341 .0532 .0414

;_( .9562 ,0518 .0414 ,9562 ,0_,'" .0404 .9562 .0498 .0393
,',;'_ .9782 .0476 .0376 .9782 .0467 .0367 .9782 ,0457 .0357
_,_ .9913 .0445 .0346 •9913 .0436 .0336 ,9913 .0426 .0326 .:,_

i 1,0000 ,0322 1,0000 _ .0312 1.0000 .0302 '
_£"22----2--2"LII _ 27 i
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'[ TAI_LE II,- WING COORDINATES ALONG STRY,_MWISE CHORDS - Contir:ued , :! :!
:i

"_. : ', I

Cm) --Y =0.734; (n) --Y =0,773; (o) --Y =0,812; ! ..,_'

b/2 b/2 b/2 .:]

c' = 13.200 cm (5,197 in.) c' = 12.596 cm (4.959 in.) c' = 11.989 cm (4.'_20 in.) _, ,::]

x'/c' Upper Lower x'/c' x'/e' " ";Upper Lower Upper Lower 1

surface surface __ surface surface surface surface .i
0 -0.0085 -0.0085 -0.0128 -0.0128 0 -0.0173 -0.0173 I

.0002 -.0063 -.0108 .0002 -.0106 -.0151 .0002 -.0151 -.0196 _I

.0011 -.0035 -.0136 .0011 -.0078 -.0178 .0011 -.0124 -,0223 1.0023 -.0015 -.Ol5b .0023 -.0059 -.0198 .0023 -.0105 -.0242

.0040 .0006 -.OIT? .0040 -.0038 -.0219 .0040 -.0085 -.0263
, .0063 .0025 -.0197 .0033 -.0019 .-.0239 .0063 -.0066 -.0282

.0086 .0041 -.0212 .0086 -.0002 -.0253 .0086 -.0049 -.0296

.0143 .0074 -.0239 .0143 .0029 -.0282 .0143 -.001-3 -.0325

.0286 .0130 -.0282 .0286 .0083 -.0322 .0286 .0035 -.0363

.0429 .0170 -.0305 .0429 .0121 -.0344 ,0429 .0073 -.0384

.0570 .0199 -.0321 .0570 .0151 -.0361 ,0570 .0104 -.0400

.0852 .0246 -.0340 .0852 .0199 -.0377 .0852 .0153 -.0416
.1132 .0285 -.0352 .1132 .0241 -.0387 ,1132 .0_94 -.0425
.1686 .0347 -.0357 .1686 .0305 -.0389 .1686 .0258 -.0425

-, .2232 .0394 -.0347 .2232 .0353 -.0377 .2232 .0309 -.0411
.2770 .0432 -.0327 .2770 .0393 -.0356 .2770 .0352 -.0388
.3300 .0467 -.0304 .3306 ,0430 -.0332 .3300 .0389 -.0362

.3823 ,0497 -.0274 .3823 .0461 -.0300 .3823 .0422 -.0329

.4338 .0525 -.0240 .4338 .0491 -.0263 .4338 .0454 -.0288 I.4846 .0550 -.0198 .4846 .0518 -.0220 .4846 .0482 -.0244
,5347 .0572 -.0148 .5347 .0541 -.0169 .5347 .0506 -.0_91 :!
.5841 .0590 -.0086 .5841 .0561 -.0105 .5841 .0528 -.0127 "I
.6329 .0603 -.0012 .6329 .0578 -,0031 .6329 ,0548 -.0052
.6810 .0614 .0077 .6810 .0590 .0058 .6810 .0561 .0037
.7284 .0620 .0174 .7284 .0596 .0154 .7284 .0570 .0133
°7752 .0619 .0268 .7752 .0598 .0249 .7752 ,0574 .0227 I
.8213 .0608 .0345 .8213 .0590 .0328 .8213 ,0568 .0306

I .8669 .0587 .0396 .8669 .0569 .0378 .8669 .0548 .0357 1.9118 .0546 .0409 .9118 .0531 .0393 .9118 .0514 .0374 t.9341 .0520 .0400 ,9341 .0505 .0384 .93_.1 ,0489 .0366
,9562 .0485 .0379 .9562 .0471 .0364 .9562 .0455 .0347
.9782 .0445 .0344 .9782 .0431 .0330 .9782 .0914 .0314
.9913 .0414 .0314 .9913 .0398 .0301 .9913 .0382 .0286

1.0000 .0290 1.0000 .0276 1.0000 .0261 : |

i '28 - ,I
!

19780] 6135-030



i::i

I.

TABLE II.- WING COORDINATES ALONG STREAMWISE CHORDS - Concluded ,,

(p) Y = 0.850; (q) _ = 0.935; (r) Y----= 0.968;
b/2 b/2 b/2 'r ¢i

c' = 11.382 cm (4.481 in.) c' = 10.051 cm (3.957 in.) c' = 9.467 cm (3.727 in.) " Lt

..,,c,
x'/c' Upper Lower X'/c, Upper Lower x'/c' Upper Lower :1

surface surface surface surface surface surface

0 -0,0221 -0.0221 0 -0.0330 -0.0330 0 -0.0382 -0.0382 t'
.0002 -.0199 -.0243 .0002 -.0309 -.0352 .0002 -.0362 -.0405 I
:0011 -.0172 -.0270 .0011 -.0283 ." ,8 .0011 -.0339 -.0432 |
.0023 -.0153 -.0289 .0023 ] -.0264 -.uJ97 .0023 -.0321 -.0450

.0040 -.0133 -.0309 .0040 -.0245 -.04!_ .0040 -.0301 -.0467 1 !

.0063 -.0115 -.0328 .0063 -.0227 -.0434 .0063 -.0282 -.0484

.0086 -.0099 -.0342 .0086 -.0213 -.0448 .0086 -.0266 -.0497 I

.0143 -.0068 -.0368 .0143 -.0185 -.0473 .0143 -.0235 -.0522

.0286 -.0014 -.0405 .0286 -.0133 -.0509 .0286 -.0180 -.0558 i

.0429 .0025 -.0425 .0429 -.0094 -.05321 .0429 -.0410 -.0580 I"

.057G .0057 -.0440 .0570 -.0064 -.0549 .0570 -.0108 -.0598 -,/

.0852 .0105 -.0458 .0852 -.0014 -.0568 : .0852 -.0057 -.0618 I

.1132 .0144 -.0467 .1132 .0026 -.0574 .1132 -.0014 -.0622 I

.1686 .0208 -.0465 .1686 ,0090 -.05681 .1686 ] .0052 -,0611 :i

.2232 .0261 -.0448 .2232 I .0143 -.0546 .2232 .0_02 -.0590

.2770 .0304 -.0424 .2770 .0189 -.0519 .2770 .0147 -.0560 _I

.3300 .0344 -.0394 .3300 .0231 -.0481 .3330 .0188 -.0521 1

.3823 .0379 -.0361 .3823 .0271 -,0441 .3823 .0230 -.0478
.4338 .0411 -.0318 .4338 .0307 -.0395 .4338 ,0268 -.0428 i
.4846 .0440 -.0271 .4846 .0340 -.0343 .4846 .0303 -.0373
.5347 .0466 -.0217 .5347 .0371 -.0287 .5347 .0338 -.031a
.5841 .0493 -.0153 .5841 .0401 -.0221 .5841 .0368 -.024_ "_'
.6329 .0513 -.0077 .6329 .0426 -.0141 .6329 .0395 -.0166:1
.6810 .0529 .0014 .6810 .0447 -.0050 ,6810 .0417 -.0075
.7284 .0541 .0109 .7284 .0465 .9043 .7284 .0434 .0015 I
,7752 .0547 .0202 .7752 .0477 .0135 .7752 .0446 .0101

.8213 .0542 .0282 .8213 .0477 .0215 .8213 .0453 .0185 !
• .8669 .0526 .0334 .8669 .0468 .0274 .8669 .0448 .0248

.9118 .0494 .0353 .9118 .0441 .0299 .9118 .0425 .0278

._341 .0469 .0347 .9341 .0419 .0295 .9341 .0403 ,0274

.9562 .0438 .0329 .9562 .0393 .0277 .9562 .0374 .0258 ,

.9782 .0397 .0296 .9852 .0342 .0233 .9852 .0322 .0215

.9913 ,0367 .0269 .9913 .0330 .0221 .9913 .0310 .0203
l.O000 ,0246 1.0000 .0202 1.0000 .0184

I

_I"-- .......... =. _. 29 1
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m

_ TABLE IlL- TUNNEL-TEST CONDITIONS

_ji (a) SI Units I

' '""' : N/m2 R/m i,_ ,:: q, N/m2 I_.,_ _'-. Mach Pt, °°' _ ,

i.!,._-, number "i'I

_ :, 8-ft TPT 16-It TT 8-ft TPT 16-It TT 8-ft TPT 16-It TT l ff,__'__ . ",- [

'" " 0.25 131 958 5 506 , 6.6 x 106
:'_" ::" .25 203 012 8 523 10.2

!
.80 105 911 31 122 13.1 !
.80 162 984 47 880 20.0
.90 92 840 31 122 12.1 I
.90 142 827 47 880 18.4

::" _ 'i I .95 81 301 I01 506 28 728 35 384 10.8 13.1 x 106 i

_I _,_iI .95 125 063 44 193 16.4
i

.98 79 050 28 728 10.5 , ]
:_/:: .,_:, .98 121 568 44 193 16.1 I

'i, .e_ 12051_ 44193 16.1
_h :','_ 1.00 77 662 28 "/28 10.5 _i
;_'_(,_:_ 1.00 119 509 44 193 16.1 - i
,_;:",i _!_ 1,02 101 506 37 586 12.8 !

1,20 101 506 4I 560 12.8 1_ 1'

, ,',: 1.30 101 506 42 601 12.5

.,_" t_

.:,.,',; ,:.

_:t' ii '"

._Jt iI-',,._, ,_IGI_AL phGg IS
':_ :" ql_'pOOt_QUALITY

_: "1 ..... ,
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' i t t I _ I '

,'r :_];;:;q

!,' I (b) U.S. Customary U,rits

Mach Pt,_,, lb/sq It --------_- , t T--_,,: , __ ..... q, _,/sq f R/ft

i' """ .25 4240 178 ' 3:_'_'_- I
•50 2204 325 2.9 I /'•50 3390

•80 2212 500 4:4 I
.80 3404 650 4.0

1000 6.1

.90 1939 650 3,7

.90 2983 1000 5.6
•95 1698 2120 600.95 2612 739 3.3923 4.0 x 106

• .98 1651 5.0
.98 2539 600 3.2

923 4.9
.99 1636 2120 600.99 2517 766 3.2923 3.9

: ::: I 1.00 2496923600 3.2

_: I/ 1"02 / 2120 4,91.2o /2120 785 39 !

868 i

L--_ L30 ___ L 2120 3.9
. -........ : ...................................... 891 3.8
_::4 ............. -.....

-:-L' , - ii



' j

A '! ,
.4 i

-- 1

• .I i
_ TABLE IV.- BOUNDARY-L,aCfER TRANSITION LOCATIONS AND CARBORUNDUM _;

_ii GRAIN SIZES FOR THE WING AND TAIL SURFACES _ .

ii i -",i,

!

Location (percent of ' "-i :
. Model component streamwise chords, c') Carborundum grain size /

-j

'_:, : Type I
_,:! .... .:
".,_ Mach numbers: 0.95, 0.98, 0.99 1.00, 1.02 1.20, 1.30 .:t

¢?' ' ' ' "('_t'
I=: Wing upper surface See fig. '?(a) See fig. 7(a)

-i:::". Wing lower surface See fig. 7(b) See fig. 7(b) .

-: Horizontal tail 31 120 't ,

Vertical tail 31 120 i

Type II ]_
Mach numbers: 0.50, 0.80 0.90 !

Wing upper surface See fig. 7(c) See fig. 7(a) " t
Wing lower surface See fig. 7(b) See fig. 7(b) I

Horizontal tail 31 120 I
4

Vertical tail 31 120

Type III

Mach number: 0.25

Wing upper surface 5 120

Wing lower surface 45 80

:I Horizontal tail 5 120 . '

Vcrtical tail ......... 5 120

i i -

/.;.  ii:!

• _ -,,-r-,----re.---- 1" ,:" _. _ - 77.."-_ ._I ',
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I I _ , t I i ! t i t + I
' i I I...++ • ! +_ 't ' !: ,1:





/'1 _'11 II

3,o,._." i' iI

No. I;)0 cort)otundum QrG,_',S--- i

No.IO0 corbof¢,ndum groins___._ /_)"

-. %// / ;
/ / I

" 3 c 700 I..... / ,
No.90 corborul_lufn _oms-- / / / 22.50

t / 157J5)/_" _/ .....,
.o..oco,,o,...,,o,o,.s.___./ft./ / ._o I

_.M;f---j- / 112,.591 ,
" -- 115.881 ' ! "_

2-_:°B)i _.,"- .............. t.__t ........ i'.........
M_lel stollon

29,B1(75,72) _ '

(a)Type I;wing upper surface. M = 0.96to 1.30.
"-z4

,,J

.31CS- . _.°,

No, 120 carborundum groms---_ A I'/ / ,'f_

\_< / -,/ I Tm

/ /

7" ,-l,

" No.IO0 carborundum grams. _ " / I Zg,50 . ,"_l

] ) "'

."_- / ,o5o I "_

.- (26.671 ; :_

(b) Types 1 and ]I; wing lower surface. M = 0.50 to 1.30. i:!)

:>:t
" '08CS "3_ i"iJ

,1 f . '1
/ 1

'" !ii11_ .05Ct / 22 "50 i[

y * ,

',',,...o.,,.o.,,°,,,..u°,,°'°'°' hl
" " ( I ! No,150 Carloolundum grains , '"

• .o_"'' S" [ ,i ,, ,;,.'_

Jl ( _ 50 6'90117"531 l '

" , _ el, SO " ' i l'_

2,1015,33) 2

_ (e) Type II; wing upper surface. M = 060 to 0.90. ,,.,,:qlFigure7.- Wing typeI and typeIIboundary-layertransitionarrangements. " ;_";,.
''**".'i

Dimensions are shown in inches and parenthetically in centimeters. :;'.'_, _

--- " ::':'i
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Figure 8.- Effect of Reynolds number on longitudinal aerodynamic characteristics.

; /_=0 ° and 6h=-2.5 ° .
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Figure 8.- Continued. _I(_II_TM._
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(a) Variation with Maeh number of lift-curve slope. :_

Figure 12.- Variation with Maeh number ot longitudinal aerodynamic characteristics.
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(a) M=0.25; q=8523N/m 2 (1%lb/sqft);and R/m= 10.2x1060

(R/ft = 3.1 x 106). '

Figure 15.- Effect of sideslip on lateral-directional aerodynamic coefficients. 5h = -2.5 °. i
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